Patients who make errors in naming or in spontaneous speech rarely make only one type of error -for instance, only semantic or only phonological paraphasias. The typical patient encountered in the clinic presents with a complex pattern of error types, including semantic, phonological and formal paraphasias, morphological substitutions, 'no responses,' circumlocutions, perseverations, and fragmentary responses. What are the causes of the various types of errors? Recently, Dell, Schwartz, Martin, Saffran, and Gagnon (1997) argued that the different patterns of naming errors produced by fluent aphasics can be explained as the result of two possible forms of damage, both of which occur uniformly at all levels of lexical processing, but that interact to give various patterns of damage -the so-called globality assumption . (The two forms of damage involve perturbations in the decay and connection strength parameters in a network model of the lexicon, as we discuss in more detail below). On this view, different patterns of naming errors do not reflect differential damage to different levels of the lexical access system. Thus for example, a fluent aphasic who makes almost exclusively semantic errors and one who makes almost exclusively phonological errors would both be assumed to have damage at all levels of the word production system, but to different degrees for the two possible forms of damage.
The claim that seemingly different forms of aphasia are really points on a continuum rather than qualitatively different types of impairment to components of a processing system is not novel -it was the dominant view in the 1950s and '60s (e.g., Schuell & Jenkins, 1959) . However, there are two important features of Dell et al.' s proposal that sets it apart from previous forms of this claim. First, their proposal is based on a detailed theory of lexical access that was originally developed to account for a wide range of facts about normal speech production (Dell, 1986) . The theory has been used to examine phenomena as diverse as speaking rate (Dell, 1986) , priming (Dell & O'Sheaghdha, 1992) , and word repetition (Dell et al., 1997) . The other important feature of Dell et al.' s claim is that it is associated with a computational model, thereby allowing explicit and quantitative predictions about the distribution of error types that are expected following damage to the system. This makes it possible to determine how good a fit there is between individual patients' naming performance and the model. Dell et al. have shown that the simulation model seems to have the impressive property that when appropriately "lesioned" it can generate error profiles similar to those obtained with fluent aphasic patients.
An alternative explanation for the occurrence of error mixtures is that at least in some cases they reflect qualitatively different forms of damage to different levels of the system. For example, semantic errors might arise from damage to the semantic system and phonological errors from damage to the segmental layer. The co-occurrence of semantic and phonological paraphasias might, then, reflect damage to both levels of processing 1 . This is not to say, of course, that mixtures of error types necessarily imply damage to multiple levels of the system. Rather, the claim is much weaker, but more realistic: certain mixtures of errors sometimes result from different forms of damage to different levels of the word production system; sometimes they result from (more or less) uniform damage to all levels of the system; and sometimes from damage to a single level of the system. For example, it could be that damage to phonological lexical nodes results both in semantic and phonological errors. If it could be demonstrated that different error types have different loci in at least some patients, then we would have to reject the assumption that different mixtures of error types (in patients of a given clinical category) always result from homogeneous damage to the speech production system.
How can we find out whether or not a patient's errors in naming result from a global lesion? The approach taken by Dell et al. is straightforward. They argued that if by "globally lesioning" their model of lexical access they could reproduce the patterns of error mixtures found in fluent aphasics, then we would be able to conclude that the error profiles observed in these patients provide support for the core assumptions of the computational model used to reproduce the error patterns.
And since the model consists of assumptions about the structure of the normal lexical access process and assumptions about the ways in which the process is altered by brain damage, the success of the model in simulating patient performance would extend support to both sets of assumptions.
The model used by Dell et al. is an interactive activation model consisting of three levels of representations: semantic, lexical, and phonological ( Figure 1 ). The model simulates lexical access by allowing activation to propagate from the semantic layer through the system and selecting, after a specified number of time steps, the most highly activated lexical node and, then, after a specified number of further time steps, the most highly activated phonological nodes. A crucial assumption of the model is that activation flows both downward from semantic to lexical to phonological nodes and back up from lexical to semantic and from phonological to lexical to semantic nodes. The globality assumption is represented in the model by changing the value of two parameters at all levels of the network. Dell et al. chose to vary the decay and connection strength parameters, which affect, respectively, the maintenance (or representational integrity) and the flow of activation (or activation transmission) in the network. By varying the values of these two parameters, the distribution of errors produced by the model changes. It is possible, therefore, to ascertain whether there are values of these parameters such that the resulting distribution of errors matches the error profile of a given patient. Dell et al. tested their model against the performance of 21 fluent aphasics and concluded that the model is able to fit these patients' profiles of naming errors. They further concluded that the results support both the interactivity assumption in their model of normal lexical access and the globality assumption of naming deficits in fluent aphasia.
FIGURE 1
Dell et al.'s conclusions, especially those concerning the globality assumption, have been challenged on several grounds (Rapp & Goldrick, in press; Ruml & Caramazza, in press; Ruml, Caramazza, Shelton, & Chialant, in press Generally, the model associates nonword error frequency with correctness (middle right) and has difficulty dissociating formal and semantic errors (bottom right) or semantic and nonword errors (top middle).
FIGURE 2
Dell et al. acknowledged that patients have been reported whose performance seems to be incompatible with the globality assumption (see also Foygel & Dell, in press; Saffran, Dell, & Schwartz, 2000) . They note that patients who make (almost) exclusively semantic Hillis, Rapp, Romani, & Caramazza, 1990) or phonological errors (Caplan, Vanier, & Baker, 1986; Hillis, Boatman, Hart, & Gordon, 1999; Wilshire & McCarthy, 1996) Patients such as those described by Caplan et al. (1986; see also Hillis, et al., 1999) , , and Hillis et al. (1990) are especially important in this context because they would appear to be the best candidates for hypothesizing highly localized (as opposed to global) functional lesions to the lexical access system (Foygel & Dell, in press; Ruml & Caramazza, in press showed an almost symmetrical bilateral temporal lobe atrophy, more severe in the middle and posterior parts. No focal lesions were found. showed no signs of oral apraxia in a 10-item test. His articulation rate in counting and reciting the alphabet, as timed with a stop-watch, was entirely normal (as compared to a matched control subject). D.M. produced spontaneous speech at a lower volume than normal (the patient reported that he was "ashamed" about the errors he produced and therefore tended to speak quietly). However, his speech was informative, fluent, well articulated, and with a normal variety of syntactic forms.
General neuropsychological examination.

D.M. was first seen as an outpatient in the Neurological
There was no tendency to omit closed-class words or inflectional forms: articles, pronouns, auxiliaries and noun and verb inflections were produced correctly. D.M.
also produced complex sentence constructions with subordinate clauses. The salient feature of his impairment was the presence of a considerable number of phonemic substitutions in naming and repetition, with conduite d'approche . Occasional wordfinding difficulties were also observed. However, as already noted, his language production ability was otherwise normal. A speech sample follows. The patient is describing how he shaves. Errors are in italics and the target is given in parentheses.
…Prendo il resoio, risoio, rasello (target word: rasoio), la lamella (lametta). Prima mi insapono con la spuma, la spiuma…,la spuma (schiuma); poi passo la lamella (lametta) e dopo mi sciocchio, schiocchio (sciacquo), mi sciacquo e alla fine metto il dopobarsa…barda (dopobarba), no!… (I take the razor, the razor blade. First I put on shaving cream; then I shave with the razor; then I rinse and put on after-shave lotion.)
Apart from this language production impairment, his everyday behavior was normal and he did not show signs of cognitive deterioration.
D.M. obtained normal scores on a standard examination for dementia (Brazzelli et al., 1994) , and the Raven's Coloured Progressive Matrices. His performance on the Block Tapping Task (Orsini et al., 1987 ), Benton's Line
Orientation Test (Benton et al., 1983) , and Short Story (Novelli et al., 1986) proved to be normal, while digit span (Orsini et al., 1987) was slightly below the cut-off (3, n.v. > 3.75) . No signs of buccofacial or limb apraxia were found. The results of the general neuropsychological examination are given in Table 1 . We also assessed the effect of serial position on the distribution of phonological errors, following the procedure of Wing and Baddeley (1980) . We Results are shown in Table 3a . It is clear that there is a serial position effecterrors are more frequent in the middle than beginnings or ends of words 4 .
However, better performance at the end than in the middle of words may simply reflect the fact that Italian words almost always end in a vowel -most frequently an /a/, /o/, or /e/for the singular nouns used in the naming task (or an /a/, /o/, /e/, or /i/ more generally). Thus, the better performance at the end of words may reflect the effects of guessing rather than a true serial position effect. To assess this possibility, the data were re-analyzed, omitting the last phoneme. For example, the word "forchetta" (fork) would become FORCHETT and the resulting 5 positions would be:
FO, R, CH, E, TT. Following this procedure fifty nonwords were included in the analysis. The results of this analysis are shown in Table 3b , from which it is clear that the better performance at the ends of words is not due simply to the fact that in
Italian words the last position is occupied by a vowel. Naming Test (Roach, Schwartz, Martin, Grewal, & Brecher, 1996) that was used by Dell et al. (1997) The resulting model for Italian speakers matched the desired error opportunities well (maximum frequency discrepancy in any category was 1.2%) and fully accounted for the performance of normal subjects (p > .99 even after more than 2,600 trials from the control participants and 10,000 trials from the model). 
FIGURE 4
Further tests of Dell et al.'s model of naming
Our tests of the globality assumption show that the globally lesioned model proposed by Dell et al. (1997) cannot account for the performance of fluent aphasics such as D.M.. The results undermine the assumptions implemented in the model as a whole. That is, they show that at least one of the assumptions in the model is unlikely to be true. However, they do not allow more precise attribution of relative blame for the model's failure; they do not, on their own, allow us to conclude that it is specifically the globality assumption that is at fault for the model's poor showing.
There are two approaches we could use to hone in on which assumption in the model may be responsible for the observed failure in a specific patient. One approach is to obtain independent evidence about the locus of damage to the patient's naming system. For example, it might be possible to establish empirically that the globality assumption cannot be applied to the performance of our patient because there is independent evidence that the semantic (or lexical or phonological) level of processing is intact. The other approach is to implement various assumptions of damage and assess the model's ability to account for the patient's patterns of naming performance. The latter approach allows us to determine whether it is possible to find a type of damage to the implemented model that would account for the patient's performance. In the measure to which we fail in this effort, we reduce our confidence in the core assumptions of the model. The combination of few formal or mixed errors with a moderate number of nonwords seems problematic. Close examination of the streaks in the center panel shows that damage to the connections between the semantic and lexical levels increases the frequency of formal errors without introducing nonword responses, while damage to the connections between the lexical and the phonological levels always yields both formal and nonword errors. At high levels of damage, performance converges to complete randomness, but moderate levels of nonword error production such as D.M.'s, the interactivity of the model necessitates a prediction of at least 10% formal errors. Table 5 shows the best match to D.M. that we obtained after fine-tuning the model's parameters. Although the semantic and unrelated categories are better modeled than with the assumption of global damage, the model still predicts too many formal errors and too few correct and nonword responses. We are led to conclude, therefore, that not only the globality assumption but also other aspects of Dell et al.'s (1997) and Foygel and Dell's (in press) models are undermined by D.M.'s performance. Among these is the interactivity assumption. fundamental assumption is to blame. To establish that any one specific assumption is responsible for the failure we would have to obtain much stronger evidence than the results of a single task -evidence that could be used to independently establish which assumption is at fault for the failure (see Ruml & Caramazza, in press ; see also Caramazza, 2000) .
The more likely candidate for the model's failure is the globality assumption (Foygel & Dell, in press ). This assumption is implausible on its face. It is unreasonable to assume that the vagaries of brain damage would result in uniform damage across all levels of the lexical access system. It is much more plausible that damage affects different parts of the system to different degrees, and that in some rare cases it results in highly selective damage to a single level or component of the system. Our patient D.M. and patients R.L. (Caplan et al., 1986) and J.B.N. would seem to be examples of such highly localized deficit to the speech production system. In the case of D.M., a plausible candidate is damage at the level where the phonological segments of a word are selected for production. This hypothesis is consistent with D.M.'s overall lexical processing performance, which is characterized by the production of phonological errors in all production tasks and essentially normal performance in semantic and syntactic processing tasks.
The clear dissociation between phonological and semantic errors found for D.M. and for R.L. (Caplan et al., 1986) complements the pattern of performance seen in patients such as R.G.B. , K.E. ), D.P.
(Cuetos, Aguado, & Caramazza, submitted), and P.W. (Rapp, Benzing, & Caramazza, 1997; Rapp & Caramazza, 1998; Rapp & Roldrick, in press ). The latter patients produce many semantic errors but no phonological errors in naming tasks 5 . This performance profile falls well outside the range of performance predicted by Dell et al.'s model (see Figure 2) , providing further evidence against the model (see also analysis of patient P.W. in Rapp & Goldrick, in press ). Furthermore, for these patients it is possible to independently establish that the globality assumption is false. For example, patient R.G.B. ) produced semantic errors only in oral production tasks (naming and reading); he did not make semantic errors in written production and performed flawlessly in all word comprehension tasks. This pattern of performance across tasks allows the inference that the semantic level is intact and that damage must be localized at the level where phonological lexical nodes are selected for production. Similarly, the pattern of performance of patient K.E. , who made semantic but not phonological errors in all lexical comprehension and production tasks, allows the inference that the damage is restricted to the semantic level. Thus, D.M.'s performance dovetails with other fairly compelling, independent reasons for rejecting the globality assumption.
What are the implications of our results for the interactivity assumption?
Here the issue is far more complex than the case of the globality assumption. As already noted, the evidence from naming does not support the specific interactive model implemented by Dell et al. (1997) and Foygel and Dell (in press ). But we do not have independent evidence that the model's failure is due to its interactive nature and, therefore, we must remain agnostic on this issue. In any case, the evidence and arguments for the interactivity assumption are much richer and better motivated than those for the globality assumption (on this issue see Rapp & Goldrick, in press ). Still, if one assumes that the fundamental shape of the model's possible error spaces is intrinsic to the model's core assumptions, then D.M.'s performance is of deep concern. If, as we have seen in the center and lower center panels of every data figure, a two-step interactive spreading-activation model must predict an association between increased nonword errors and increased formal and mixed errors, then cases in which a patient of moderate severity makes phonological substitutions resulting in many nonwords and few formal or mixed word errors seem to challenge those basic theoretical foundations.
Finally, there is a methodological moral that emerges from this study. To begin with, and to reiterate, the data from D.M. (but also R.L., J.B.N., R.G.B., K.E., D.P., P.W., and other well-studied cases) do not support the globality assumption.
Note that this does not mean, however, that the globality assumption might not be true of some patients. It could very well be the case that some or perhaps even most fluent aphasics have sustained uniform damage (unlikely as this may seem) to all levels of the lexical access system. But from this we cannot draw the conclusion that the cause of naming deficits in fluent aphasia is a global lesion to the lexical access system. This is like saying that the cause of Broca's aphasia is damage to the syntactic mechanisms involved in processing transformationally moved elements (Grodzinsky, Pinango, Zurif and Drai, 1999) 6 , or that the cause of acquired dyslexia is uniform damage to all levels of the reading system. A major problem with such pronouncements is that the categories over which the theoretical claims are madefluent aphasia, Broca's aphasia, acquired dyslexia -are not homogeneous over the domain of interest. That is, there is nothing in the classification procedure of a patient as a fluent aphasic or a Broca's aphasic or an acquired dyslexic that guarantees that the cognitive or neural mechanisms that are damaged in a patient of a given clinical type are the same as those in another patient of the same clinical type. And indeed, as shown here, it is not hard to find patients with the same classification but whose underlying deficits are radically different one from another.
Is there any use for the globality assumption? Dell, Schwartz, Martin, Saffran, and Gagnon (in press) (in press) have shown, modeling localized damage need not increase the number of free parameters in the model. Dell et al.'s (1997) claim that the naming deficits in fluent aphasics are caused by global lesions to the lexical access system harks back to an approach to the study of cognitive disorders that privileged claims about clinical categories over an approach designed to provide strong tests of cognitive theory. Why this emphasis on clinical categories? For example, why the emphasis on the fact that most fluent aphasics produce various mixtures of semantic, formal, and phonological errors in naming tasks? A possible reason is that strongly interactive theories naturally predict associations of error types no matter where the lesion is placed in a system (e.g., Hinton & Shallice, 1991; Plaut & Shallice, 1993) . Perhaps unsurprisingly, then, proponents of such theories may be more inclined to consider the performance of patients who show the expected associations (i.e., a syndrome). By contrast, many patterns of association of error types do not provide suitable data for constraining non-interactive theories of language and cognition. This is because these patterns of errors may simply reflect damage to multiple levels of a processing system and ambiguous to play a determining role in deciding among theoretical alternatives.
Note, however, that while a clear pattern of dissociation of error types can falsify a strong interactive model, a pattern of association of error types, or even very many such cases, is (are) not necessarily problematic for non-interactive or weakly interactive theories. Thus, the relative importance of these two types of evidence for testing claims about the structure of cognitive systems is not equal. To distinguish between theories we must seek the evidence that provides an adequate test of the theory. In the case of the globality assumption the evidence seems to be quite clear. 
